We report X-ray Absorption Fine Structure (XAFS) measurements of the colossal magneto-resistance (CMR) samples La 0.79 Ca 0.21 MnO 3 and La 0.7 Ca 0.3 MnO 3 at high magnetic fields. For T near T c , the width parameter of the pair distribution function, , decreases significantly as the applied magnetic field is increased. For a given magnetization, M, the decrease in 2 from the disordered polaron state is the same, irrespective of whether M was achieved through a change in temperature or the application of an external magnetic field. This universal behavior can be modeled as a quadratic function of magnetization, and suggests a new model for the magnetization process.
In many previous studies, 2 , the width the Mn-O pair distribution function, decreases rapidly as the temperature (T ) is lowered below the ferromagnetic transition temperature (T c ) for the CMR manganites. This has been attributed to a decrease in the amount of polaron-induced disorder in the magnetized state; similar results have also been observed in neutron pair distribution function (NPDF) analysis studies [1] [2] [3] [4] [5] [6] [7] . Furthermore, for several different CMR samples, we have shown that the change in 2 
(
2 ) below T c can be described by an exponential function of the magnetization, although no theoretical model predicts such behavior [1, 2] . The more extensive study presented here shows that the change 2 is only a function of the magnetization M, irrespective of how M is produced; it also provides evidence for a new relationship between 2 and M, based on a physical model. Mn K-edge data were collected on powdered samples of La 0.79 Ca 0.21 MnO 3 and La 0.7 Ca 0.3 MnO 3 as a function of temperature and magnetic field on beamline 7-2 (Si 111 monochromator crystals) at the Stanford Synchrotron Radiation Laboratory (SSRL). The data were reduced using standard procedures and Fourier transformed to r-space. The r-space Mn-O peak was then fit using the RSFIT program, using standards calculated from FEFF6 [8] . The number of neighbors was constrained to 6, and only the r-space peak position and the width parameter of the pair distribution function, , were allowed to vary. (S 2 o and E o were determined at low T and then held constant for fits to higher temperatures.) Then provides a single local structure parameter for comparison with M. Although one might attempt to model the system as two (or more) Mn-O peaks, there would then be two amplitudes and two 's which are partially coupled; a local structure parameter for comparison with M is then not well defined. For each temperature, independent fits were made to four traces and the average value of obtained; the relative errors, the rms fluctuation about the average, is comparable to the symbol size, except where error bars are shown. The absolute errors for 2 , which depend on S 2 o , may be of order 10%; they shift the plot vertically.
These first results indicate a significant temperature and magnetic field dependent change in 2 , near and above T c (∼190 K for the 21% Ca sample, and ∼260 K for the 30% Ca Sample) (see Fig. 1 and Fig. 2) . At low temperatures, the sample is ordered and 2 is small while at high temperatures there is a large amount of polaron-induced disorder, as observed previously. Furthermore, there is a field dependent change in 2 . Near T c , 2 decreases as the applied field is increased indicating that the application of a magnetic field removes polaron disorder from the sample (see Fig. 1 and Fig. 2 ).
The change in 2 is defined as temperatures is called the full polaronic distortion, 2 FP in Eq. (1) above [1, 2] .
In Fig. 1 , we show that for the 21% sample, 2 decreases as the applied B-field is increased at constant temperature. A similar dependence on B-field can be seen for the 30% sample at temperatures near T c . However, at lower temperatures for this sample, the change in 2 is independent of field and 2 continues to increase as T is lowered after the magnetization saturates which occurs at ∼150 K (compare magnetization data in Fig. 4 inset and Fig. 2) . 2 vs relative magnetization for the 21% Ca sample. 2 and M have been normalized to the maximum value for each field.
2 is the decrease in 2 as T is lowered below T c that is attributed to the loss of polaronic distortion. The curves show the theoretical dependence of 2 on magnetization given by the quadratic function described in Eq. (2) . The inset shows a logarithmic plot of 2 vs normalized magnetization; it shows that over this available range in M, a semi-log plot describes the data quite well. In both plots many of the data points are at a different temperature (i.e. for fixed field, varying T ). To show more clearly that one can keep T fixed and vary M (via a change in B-field) several points are plotted for T = 160 K. These points lie along the same line in the semi-log plot indicating a universal dependence on M. 2 vs relative magnetization for the 30% Ca sample. 2 and M have been normalized to the value at 150 K, when the the sample becomes fully magnetized. The curves show the theoretical dependence of 2 on magnetization given by the quadratic function described in Eq. (2) . The dotted lines show the dependence of a linear fit assuming the distortions are first removed in pairs of distorted Mn +3 and undistorted Mn +4 sites, as described in the text. The inset shows the magnetization curve for each field in the plot demonstrating that the sample magnetization is saturated (remains constant) below 150 K. The vertical part near M/M 0 = 1 is evidence that polaron distortions are continuing to be removed after the sample has become fully magnetized.
The observed changes in 2 can be modeled by either an exponential function or a polynomial function of magnetization where there are regions of differing behavior see Fig. 3 and Fig. 4 . A semi-log plot for the 30% sample is similar to the inset for the 21% sample. The magnetization has been normalized to the saturation value while 2 has been normalized to the value at which the sample becomes fully magnetized; this occurs at the lowest temperature for the 21% sample, but at ∼150 K for the 30% sample. The relatively slow change in 2 at low M indicates that the lowest-distortion sites must become magnetized first. Since the "Mn +4 " site is thought to be essentially undistorted, the magnetization process may proceed in pairs -an undistorted "Mn +4 " site and a distorted "Mn +3 " site; this allows an electron to hop back and forth between two Mn sites as required in the double exchange model but only required that one of the distorted sites become undistorted. Once all the "Mn +4 " sites become magnetized (60% of the sample is magnetized for the 30% sample), further increases in M require that every additional Mn site must become undistorted. Since a significant cluster must be magnetized in ferromagnetic systems it is likely that the magnetized clusters form filaments through the sample and the magnetic and non-magnetic regions are intertwined. For the 30% sample, the vertical part near M/M 0 = 1 in Fig. 4 is evidence that polaron distortions are continuing to be removed after the sample has become fully magnetized, which indicates that the Mn sites can be magnetized but still have a small local distortion.A possible explanation is that the polarons are still partially localized at 150 K. Only at the lowest temperatures are the polarons essentially delocalized.
The magnetization process described above can be described by the following model. Let the smallest polaron distortions removed be 0 , and assume that there is a distribution of distortions that are removed with the largest distortions removed when M ∼ M o . The distortion that is removed at various states of magnetization (f is the fractional magnetization (M/M o )), can be described as = o (1 + f ), where is a measure of the range of distortions. Below the critical value of f (twice the Calcium concentration, 2x) the distortion removed per pair is only ; above this value of f the distortion removed per pair is 2 . This leads to the following normalized expressions which were used to fit the 2 data:
